Introduction/Objective In this study, the effects of applied anesthetic techniques were investigated in a retrospective analysis of obese patients and those with normal body mass index undergoing in vitro fertilization, using bispectral index as an indicator of anesthetic depth. Methods In total 116 patients with normal body mass index were allocated to group N. Another 116 patients with body mass index > 30 kg/m 2 were allocated to group O. Anesthetic protocol comprised midazolam for premedication, diclofenac for pre-emptive analgesia, propofol for induction and maintenance, alfentanil for analgesia, suxamethonium for muscle relaxation. We recorded and compared the monitored parameters using t-test and χ 2 test. Results Procedure duration and recovery time were significantly longer in O group (p < 0.01). There is a statistically significant difference (p = 0.000181) in the number of patients requiring mechanical ventilation after induction of anesthesia. Propofol consumption was significantly higher (p < 0.0001) in O group (2.7 ± 1.6 mg/kg) as compared to group N (2.1 ± 0.4 mg/kg). The incidence of postoperative nausea and vomiting was observed in six patients in N group (5.17%) and nine patients in O group (7.76%). Pain intensity was found higher in group O compared to group N (p < 0.0001). Assessment of patients' sedation using verbal scale reported no statistically significant difference between N and O groups (p = 0.2548). Conclusion Induction and maintenance of anesthesia in obese patients results in increased consumption of propofol and the need for muscle relaxation. The statements of the patients who underwent the procedure under intravenous propofol and alfentanil serve as the best recommendation for clinical practice.
INTRODUCTION
In vitro fertilization (IVF) is an assisted reproductive technology characterized by letting the fertilization of male and female gametes (sperm and egg) occur outside the female body, in the laboratory; created embryos are then transferred into the woman's womb. Stages in IVF procedure are as follows:
-Indications for IVF and preparation for treatment, -Ovulation induction and monitoring, -Oocyte retrieval, -Insemination and fertilization, -Embryo-transfer. The role of anesthesiologist is associated to the phase of oocyte retrieval with follicle aspiration. In this stage of the procedure, it is it is necessary to induce analgesia for pain relief, and in this way to provide the optimal conditions for the gynecologist to perform the procedure.
Oocyte retrieval involves direct ultrasound guidance, i.e. a needle is passed through the top of the vagina to reach the follicles. Pain during oocyte retrieval is caused by the punc-ture of the vaginal skin and ovarian capsule by the aspirating needle, as well as manipulation within the ovary during the entire procedure [1] . The number of follicles and duration of the oocyte retrieval procedure may affect the pain intensity. Single follicle aspiration would take lesser time and cause less pain as compared to multiple follicle aspirations [2] . In addition, the pain intensifies with difficult ovarian access (for instance congenital and acquired anomalies, obesity, etc.) that requires external compression of the lower anterior abdominal walls external abdominal compression. Insufficiently deep anesthesia in these cases can lead not only to the onset of intense pain but also to the reflex movements of patients that can disturb manipulation of aspiration needle and the whole procedure.
Obese patients undergoing IVF present a challenge not only for gynecologists, but also for anesthesiologists, who are to provide adequate anesthesia to make transvaginal oocyte retrieval a safe and effective procedure. Obesity is often accompanied by a series of possible complications on cardiovascular and respiratory systems, increased incidence of thrombosis, difficulties related to airway management and the more emphasized adverse pathophysiological effects of the gynecological position [3] . Varieties of anesthetic techniques and modalities have been used in the history of IVF. The procedure necessitates a short-acting anesthetic approach with minimal side-effects. The various anesthetic modalities used for transvaginal oocyte retrieval include monitored anesthesia care, conscious sedation, general anesthesia, regional anesthesia, local injection as a paracervical block, epidural block, subarachnoid block, total intravenous anesthesia, patient-controlled analgesia, and acupuncture [4, 5, 6] .
In our study, we investigated the effects of applied anesthetic techniques using propofol and alfentanil (hemodynamic and respiratory stability of patients, the occurrence of perioperative complications associated with anesthetic technique, duration of intervention, anesthetic consumption per patient, length of stay in post-anesthesia care unit, presence and intensity of pain after intervention, postoperative nausea and vomiting, degree of patient satisfaction with anesthesia) in a retrospective analysis of anesthetic and post-anesthetic records of obese and patients with normal body weight undergoing IVF, using bispectral (BIS) index as an indicator of anesthetic depth.
METHODS
The study was conducted in accord with standards of the institutional Committee on Ethics of the Faculty of Medicine Priština -Kosovska Mitrovica and Spebo Medical fertility clinic in Leskovac. Written consents to the administration of intravenous anesthesia were obtained from the patients. The study (retrospective, randomized) included subjects who underwent IVF in the Spebo Medical specialist medical center for fertility treatment in the period 2010-2017. A total of 950 patients with normal BMI (18.5-24.9 kg/m 2 ) were recorded to have undergone IVF procedure under intravenous anesthesia with propofol and alfentanil. Of these, 116 subjects were randomly assigned following simple randomization procedures (computerized random numbers) to group N (normal BMI). In the same timeframe (2010-2017), 184 patients with BMI > 30 kg/m 2 received intravenous propofol -alfentanil during IVF procedure. Of them, 116 were included in the study and assigned to group O (obese). Data analysis was performed for each patient based on medical records, anesthesia charts, and post-anesthetic monitoring sheets. The anesthesia chart for oocyte retrieval procedure was completed by the anesthetist who administered intravenous anesthesia; whereas the sheets of post-anesthetic monitoring were completed by another anesthetist the patient was handed over to on admission to the post-anesthesia care unit (PACU). All patients were classified according to the American Society of Anesthesiologists (ASA) classification system I-II. Age varied from 18 to 45. The study excluded patients with cardiorespiratory disorders, diabetes, thyroid disorders, chronic opioid and sedative use, allergic reactions to administered anesthetics, opioids, sedatives and nonsteroidal anti-inflammatory drugs.
Anesthetic protocol
All patients underwent a uniform anesthetic protocol. The minimum fasting period was four hours prior to the procedure. Patients preoperatively received low molecular weight heparin for the prevention of thromboembolism. A cubital vein cannula was used to administer premedication.
Hydration was provided by continuous infusion of Ringer lactate solution (10 ml/kg body weight [b. w.]). After positioning, the patient is linked to the mandatory standard monitoring for this type of intervention listed below. After recording the monitoring parameters from pre-induction stage, patients were premedicated with 0.02 mg/kg b. w. intravenous midazolam and 1 mg/kg b. w. diclofenac sodium with 100 ml saline infusion. Anesthesia was induced with propofol 2 mg/kg b. w. and alfentanil 0.01 mg/kg b. w. (Table 1) .
Additional propofol was administered to maintain BIS values within the target range (40-60). When needed, muscle relaxation was achieved by intravenous administration of suxamethonium chloride.
In the incidence of apnoea after induction of anesthesia, patients were mechanically ventilated through a facemask or a cuffed oropharyngeal airway with tidal volume of 8 ml/kg b. w. The inspiratory mixture of oxygen and medical air delivered the inspired oxygen concentration of 40% (FiO 2 0.4).
Monitoring
The standard monitoring included: BIS index, pulse oximetry (SaO 2 ), level of (partial pressure) of carbon dioxide released at the end of expiration (EtCO 2 ), peak inspiratory pressure (P peak ), plateau airway pressure (P plato ), tidal volume (Vt), mean arterial blood pressure (ABP) and electrocardiography (EKG). EtCO 2 , P peak , P plato and Vt were determined only in patients where intermittent positive-pressure Analysis of the applied technique of intravenous anesthesia for in vitro fertilization in obese and patients with normal body mass index BIS index is processed electroencephalographs monitor which measures the effects of sedatives and anesthetics on the brain; a new vital sign that allows clinicians to deliver anesthesia with more precision and to assess and respond more appropriately to patients changing condition during surgery [7] . The BIS monitor provides a single number, which ranges from 0 to 100 where the value between 40 and 60 indicates an appropriate level for general anesthesia [8] .
Recovery Room / Post-Anesthesia Care Unit
Post-anesthetic monitoring included the following parameters:
-The need for additional analgesia; -Presence and intensity of pain (we used a modified visual analogue scale (VAS) where pain descriptors were assigned an intensity value. Categories proposed were: 0 -no pain, 1-30 mild, 40-60 moderate, 70-90 severe, 100 -extreme); -Presence of postoperative nausea and vomiting (PONV); -The need for administration of ondasetron; -The length of stay in PACU; -The overall patient satisfaction with analgesia and sedation (overall anesthetic experience) was assessed by a second anesthesiologist before discharge using a 4 -point verbal scale ranging from very satisfied to very dissatisfied (1 -very dissatisfied, 2 -dissatisfied, 3 -satisfied, 4 -very satisfied).
Statistical Analysis
The analysis of obtained data was performed using the IBM SPSS Statistics software for Windows (IBM Corp. Version 22.0. Armonk, NY, USA) as well as Microsoft Excel 2010. Descriptive statistics was used to determine the relative numbers and measures of the central tendency:
the arithmetic mean (X), a measure of variability, standard deviation (SD) and the relative proportions (percentages). The monitored parameters were recorded and compared using the Student's t-test and χ 2 test. P-values > 0.05 were considered statistically non-significant, p-values < 0.05 were considered statistically significant, and p-values < 0.01 were considered statistically highly significant for all comparisons.
RESULTS
Data analysis reported no statistical difference (p > 0.05, t-test; Table 2 ) between the groups with respect to age (group N: 34.2 ± 8.7; group O: 33.5 ± 8.5) and height (group N: 162.7 ± 17.8 cm; group O: 163.9 ± 13.8). The χ 2 test revealed a significant difference (p < 0.01; Table 2 ) between the two groups in the ASA classification. There was a statistically significant difference (p < 0.01, t-test; Table 2 ) between the groups with respect to weight, length of surgery, and recovery time. Table 3 shows the values of the BIS index, hemodynamic and respiratory parameters (ventilation and oxygenation) obtained during monitoring intervals (T). A comparative analysis (t-test) between the tested groups reported a statistically significant difference, except for the BIS index and pulse values at the T 0 time interval (p > 0.05). The χ 2 test reported a statistically significant difference (p = 0.000181) with respect to the number of patients requiring IPPV for anesthesia maintenance after introduction. Mechanical ventilation was delivered in 82 patients of group N, compared to 33 patients of group O.
Propofol consumption was statistically higher (p < 0.0001, t-test; Table 4 ) in group O (2.7 ± 1.6 mg/kg b. w.) compared to group N (2.1 ± 0.4 mg/kg b. w.). Twenty-four patients in group O required muscle relaxation with suxamethonium to create the state of complete immobilization and optimal conditions for the performance of transvaginal aspiration of ovarian follicles by a gynecologist. In contrast, in group N, suxamethonium was administered to only five patients (p = 0.000852, χ 2 test; Table 4 ).
After induction to anesthesia with propofol (2 mg/kg b. w., intravenous), sufficient spontaneous breathing was preserved in 18 patients in group N and 46 in group O (p = 0.001855, χ 2 test; Table 5 ). Assisted ventilation was Videnović N. et al. Table 5 ). The depressive effect of propofol on the respiratory center caused apnoea in 82 patients of group N and 33 in group O (p = 0.000161, χ 2 test; Table 5 ) and here it was necessary to perform IPPV using an anesthesia machine ventilator. Anesthesia and controlled ventilation were delivered via a facemask. After induction to anesthesia, hypopharyngeal obstruction from tongue displacement was handled with the use of oropharyngeal airway in 24 patients in group N and 88 in group O (p < 0.01, χ 2 test; Table 5 ). At the end of the surgery, no statistical differences were reported with respect to applied mode of ventilation. There was no need for endotracheal intubation or placement of a laryngeal mask to maintain an open airway.
Post-operatively, additional analgesic administration (one intravenous dose) was required in 13 (11.2%) patients in group N. In group O, an additional intravenous dose of analgesics was required in 48 (39.66%) patients (p = 0.000113, χ 2 test; Table 6 ).
PONV occurred in six patients (5.17%) in group N and nine (7.76%) in group O after applying ondansetron hydrochloride. Comparison of the obtained data using χ 2 test did not show a statistically significant difference (p = 0.452795; Table 6 ).
Duration of PACU stay was longer in group O (13.7 ± 6.3 min.) compared to group N (19.6 ± 7.3 min.). Here, the Student's t-test reported a statistically significant difference (p < 0.0001; Table 6 ).
Measurement of pain intensity after admission and before discharge to PACU, using the combination of visual and numeric analogue scales, reported higher values in group O compared to group N (p < 0.0001, t-test; Table 6 ).
Scores based on Satisfaction with Anesthesia Scale revealed no statistical significance between the groups (p = 0.2548, t-test; Table 6 ).
DISCUSSION
The ideal anesthetic technique for IVF should provide good surgical anesthesia with minimal side effects, a short recovery time, high rate of successful pregnancy, and shortest required duration of exposure. The preferred method of anesthesia and analgesia should be individualized [9] .
Using BIS monitor to guide anesthetic administration would allow optimization of drug delivery to the individual needs of each patient in order to avoid unnecessarily deep or too light anesthesia due to overdosage or underdosage of the hypnotic medications [10] . BIS values in both groups signifies that increasing depth of anesthesia was associated with a decrease in BIS values and the decreasing level of anesthesia was associated with increasing BIS values [11] .
Benzodiazepines are used for premedication, procedural sedation, and supplementation of general or regional anesthesia. A common sequel to intravenous administration of benzodiazepines is anxiolysis and anterograde amnesia. These two main characteristics of these drugs make them suitable for patients undergoing unpleasant or repeated procedures, like oocytes retrieval. In both tested groups, premedication with midazolam was found to be Analysis of the applied technique of intravenous anesthesia for in vitro fertilization in obese and patients with normal body mass index T 0 -baseline; T 1 -after induction to anesthesia; T 2 -at the end of the procedure; Group N -patients with normal body mass index; Group O -obese patients; BIS index -bispectral index; ABP mean -arterial blood pressure; SaO 2 -pulse oximetry; EtCO 2 -carbon dioxide released at the end of expiration; IPPV -intermittent positive pressure ventilation; P peak -peak inspiratory pressure; P plato -plateau airway pressure; p > 0.05 -non-significant; p < 0.05 -significant; p < 0.01 -highly significant an adequate means to address fear and anxiety and create optimal conditions for puncture and aspiration of ovarian follicles. Although minimal amounts of this benzodiazepine were found in follicular fluid, no detrimental effects have been proven so far [12] . Furthermore, midazolam enhances the postoperative analgesic effects of diclofenac when used before the onset of noxious stimuli [13] . The pain during oocyte retrieval is caused by the puncture of the vaginal skin and ovarian capsule by the aspirating needle as well as manipulation within the ovary during the entire procedure [14] . Here it becomes customary for the anesthetist to provide adequate pain relief to immobilize the patient and eliminate the danger of piercing any vessels during the process of oocyte retrieval. The ideal pain relief during oocyte retrieval should be effective and safe, easy to administer and monitor, short acting and readily reversible with few side effects [15, 16] .
There are animal studies that bring impressive evidence of the efficacy of prior administration of non-steroidal anti-inflammatory analgesics in treatment of inflammatory diseases [17] . Preemptive administration of non-steroidal anti-inflammatory drugs reduces the average perioperative consumption of opioid analgesics. In their retrospective study, Mialon et al. [18] compared two analgesic protocols: paracetamol/alprazolam and nefopam/ketoprofen on IVF outcomes. They found that both groups had similar IVF outcomes and nefopam/ketoprofen protocol enhanced patient comfort without jeopardizing the IVF success rates. Women can be offered adequate pain relief. Opioids are used in oocyte retrieval procedure primarily for their analgesic effects. The most frequently used are fentanyl, alfentanil, and remifentanil, because of their pharmacokinetic profile that enhances fast track anesthesia.
Pethidine is used in some cases as an agent of premedication. The amount of alfentanil is not associated with adverse effects on fertilization rate, embryo development, or clinical pregnancy rate [19] . Both of the groups received propofol for induction and maintenance of anesthesia. Propofol is the most commonly used intravenous anesthetic agent in sedation and general anesthesia. Its pharmacokinetic profile makes propofol anesthetists' first choice. It provides rapid induction and easy maintenance in continuous infusion or fractionated doses.
Several studies investigate the effect of this agent on IVF success with conflicting results [20] [21] [22] [23] [24] [25] . Of the studies investigating toxicity, two of them relate propofol with negative effects on the reproductive outcome, and five studies conclude with the opposite result [20] [21] [22] [23] [24] [25] .
According to these findings, propofol is probably a safe choice, but caution is recommended since Propofol also accumulates in the follicular fluid [24] . Its hemodynamic effect results in a decrease in arterial blood pressure and pulse [26] . However, in both groups of subjects, this decrease was within physiological limits. Increased values of arterial blood pressure and pulse in obese patients should be associated to increased sensitivity to pain during aspiration of ovarian follicles. This is conditioned by the difficulty in accessing ovaries in obese women, when surgeons often require assistance by compressing the lower abdomen. These additional manipulations can lead to unconscious movement of patients and in this way increase the risk of aspiration needle damaging the surrounding anatomical structures. In order to prevent this, it is often necessary to administer additional dose of propofol and sometimes use short-acting muscle relaxants such as suxamethonium. This may explain the higher consumption of propofol (mg/kg b. w.) and the more frequent use of relaxants in obese patients. The administered induction dose of propofol (2 mg/kg b. w.) in certain patients of both groups, resulted in the cessation of breathing or decreased pulmonary ventilation, to the extent that it was necessary to apply assisted or controlled ventilation. Propofol is widely used for anesthesia and sedation purposes because of its amnesic effect, fast recovery, and low incidence of nausea and vomiting. Propofol, however, has the shortcoming of severe respiratory depression, including a decrease in ventilatory response to hypoxia and in tidal and minute volumes [27] .
The problem of securing and maintaining an open airway has been known. In this study, for the purpose of securing the airway and providing adequate ventilation, it was necessary to use an oropharyngeal tube in almost two-thirds (84.5%) of obese patients. There was no need for laryngeal mask and endotracheal intubation in neither of groups of patients. Delivering controlled ventilation using an anesthesia machine ventilator through the full-face mask with or without the assistance of an oropharyngeal airway was accompanied with statistically higher values of ventilation parameters (EtCO 2 , P peak , and P plato ) in group O compared to group N. Abdominal compression caused an increase in intra-abdominal pressure, cranial displacement of the diaphragm, decrease in lung and chest wall compliance, and an increase in airway resistance, which, paired with obesity, resulted in significantly higher P peak and P plato values in O group.
The difficulty in accessing ovarian follicles in obese women requires additional surgical manipulations, resulting in additional administration of analgesics during the patient's stay at PACU. This may partly explain the higher PONV rate and the need for introducing antiemetics in O group.
As an intravenous anesthetic, propofol shows a rapid rate of metabolism, resulting in quick recovery from anesthesia with few side effects. Because of the low incidence of nausea and vomiting, propofol is commonly used for anesthesia induction and maintenance in ambulatory surgery.
An anesthetic protocol that involved the use of sedatives (midazolam), intravenous anesthetics (propofol) and opioids (alfentanil) resulted in a high degree of patient satisfaction with anesthesia. Developments in medical technology have resulted in a rapid increase in the use of ambulatory surgery. The use of fast-and short-acting anesthetics, analgesics, and muscle relaxants, as well as improved brain monitoring techniques, has reduced anesthetic complications during recovery. Additionally, improvements in surgical techniques have allowed surgeons to perform more invasive surgical procedures and complex medical procedures on an ambulatory basis [28] .
CONCLUSION
Intravenous anesthesia with propofol and alfentanil has created adequate conditions for the aspiration of ovarian follicles. Midazolam was found to be the ideal means for premedication and creation of favorable conditions for the patient to undergo the procedure. Preemptive administration of diclofenac reduced the preoperative consumption of alfentanil. During their stay in PACU, these patients experienced mild, or no pain. Induction and maintenance of anesthesia for IVF in obese patients results in increased consumption of propofol and a more frequent need for muscular relaxation. However, the recovery was fast and followed by a low PONV rate. Therefore, the very first assessment of the patients who underwent the procedure under intravenous anesthesia with propofol and alfentanil is the best recommendation for clinical practice.
